Introduction
Crystalline alignment in materials can be controlled by imposition of a high magnetic field. This principle can be applied to non-magnetic materials with asymmetric unit cells. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] When materials are placed in a magnetic field, the crystals exhibiting anisotropic magnetic susceptibility orient themselves to the direction of the maximum susceptibility parallel to the magnetic field.
In this review paper, the principle is described and the recent development of the magnetic crystalline alignment of inorganic materials is summarized.
The Principle of Magnetic Crystal Orientation
When a non-magnetic substance is magnetized in a magnetic field, the energy for magnetization of the substance U is given by Eq. (1) where M is the magnetization, B and B in the imposed magnetic flux density and the magnetic flux density in the substance, respectively, m 0 the permeability in vacuum (4pϫ10 Ϫ7 [H/m]). The principle to control the crystalline alignment using a magnetic field is that a magnetic torque rotates crystals to take the stable crystalline alignment so as to decrease the magnetization energy.
Let us consider a crystal of the hexagonal structure with a magnetic anisotropy, that is, the magnetic susceptibility is different in each crystal direction. The value of the magnetization energy given by Eq. (2) that is derived from Eq. (1), determines the preferred crystal direction depending on the magnetic susceptibility of each crystal axis.
........... (2) where c c and c a,b are the c-axis and a-or b-axis of a magnetic susceptibility, respectively. q the angle between the directions of a magnetic field and the c-axis of a crystal. When c c Ͼc a,b , i.e. U c ϽU a,b , the c-axis of crystals is the preferred axis in parallel to the direction of the magnetic field. In contrast, when c c Ͻc a,b , i.e. U c ϾU a,b , the a-or baxis of crystals is the preferred axis in parallel to the magnetic field. That is, the c-axis of crystals aligns to all of the directions in the plane perpendicular to the imposed magnetic field.
Magnetic Crystalline Alignment

Size Classification
12)
In a colloidal process, the crystalline alignment is greatly affected by Brownian motion force and gravity force, and each dominant region is largely depending on particle size. For a large crystal, the gravity force must be taken into consideration, while the Brownian motion force can be ignored. And when a particle is small, the situation is vice verse. When a high magnetic field is applied, the effective particle size range for the crystalline alignment can further be classified as follows : 1) where the Brownian motion is more active than the gravity motion. That is, during alignment of crystalline particles sized in this range, we do not need to consider the gravity force but only magnetic field effect. A new technology relating to crystalline alignment and texture control has emerged by the development of superconducting technologies. Its principle based on magnetization force can be applied to non-magnetic materials with asymmetric unit cells. In this paper, the principle is described and the recent development of the magnetic crystalline alignment of inorganic materials is summarized.
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Slip Casting
For magnetic crystalline alignment, the following three conditions are required 13) : (1) crystals have an anisotropic magnetic susceptibility and (2) exist in a weakly constrained medium, and (3) the crystal size is in a suitable range as mentioned in Sec. 3.1. The function of different kind of magnetic fields is given in the followings.
Static Magnetic Field
A novel process where a high static magnetic field is imposed during slip casting was proposed to fabricate highly crystal-orientated ceramics. 14, 15) Let us define the magnetic fields which are imposed in parallel and perpendicular to the direction of slip casting, as Pa and Pe magnetic fields, respectively. The surfaces of top, side 1 and side 2 in a specimen are defined as Fig. 1 . When the Pa magnetic field is imposed, the side 1 and side 2 become same so that they refer to the side surface. When the gravity force can be neglected, the expected crystalline alignment of materials in a slip casting under the Pe and Pa magnetic fields is given in Table 1 16, 17) When the magnetic field was imposed on the crystals with c c Ͻc a,b , the c-axis of crystals can align to various directions that are perpendicular to the magnetic field. The caxis of crystals, however, can be aligned when a rotating magnetic field is imposed, in the perpendicular direction to the plane in which the magnetic field rotates. Figure 2 schematically shows the function of the rotation of a magnetic field. However, a magnetic field with a high intensity, which is often needed for the crystalline alignment of feeble magnetic materials and can be generated only by a super-conducting magnet, can not be rotated in practice. From the view of the relative motion, the case where a crucible containing crystals is fixed and the magnetic field is rotating is equivalent to the case where the crucible is rotated under a static magnetic field. Thus, by using an experimental setup as shown in Fig. 3 , the c-axis of crystals aligns to the direction parallel to the gravity direction under this condition, Table 1 can be modified to Table 2 . This theoretical prediction was confirmed by the experiment, where a crucible was rotated in the static magnetic field during a slip-casting of Si 3 N 4 powder with the hexagonal structure. The theoretical analysis of transitional behavior of a crystal was carried out for elucidation of crystal alignment phenomena under the rotating magnetic field and the optimum operating parameters such as magnetic field strength and viscosity of medium surrounding crystals were quantitatively clarified.
Rotating Magnetic Field
18) The theoretical analysis predicted that the time for crystalline alignment is shortened by decreasing of the magnetic field strength and/or increasing of viscosity of the medium. This theoretical prediction, which is opposite in the case of crystalline alignment under the static magnetic field, was confirmed by experiments. 18) 
Modulated Magnetic Field
T. Kimura et al. 19) found that a rotating magnetic field whose intensity or frequency is periodically modulated can cause a 3-dimentional crystalline alignment of biaxial crystal. This new technology allows us to fabricate a pseudosingle crystal from a crystalline powder. A sample prepared by this technique gave rise to an X-ray diffraction pattern equivalent to a real single crystal. 20) 
Alloy Solidification and Deposition Processes
Mikelson et al. 21) reported that the macrostructure of Al-Cu and Cd-Zn alloys, which are non-magnetic materials, aligned to a direction of magnetic field during solidification. However, details on the method for evaluating the orientations of crystals and textures were not clearly written in the report. Yasuda et al. 22) reported that the crystal orientation of BiMn alloy, which is ferro-magnetic material, aligned to the direction of magnetic field by heating the specimen which was prepared in rapid quenching, up to a liquid and solid zone in the magnetic field. Authors indicated that crystals of metals with magnetic anisotropy such as zinc and bismuth can be aligned in solidification, 23) electro-deposition 24) and vapor-deposition 25) processes under the imposition of a magnetic field.
Sintering Process
Murakami et al. 26) examined the effect of magnetic field on crystalline alignment of HAp in a sintering process. The experimental results were given in the followings: The relative facial angle defined elsewhere, 27) which indicates a lumped crystalline angle obtained by using X-ray diffraction analysis pattern, is shown in Fig. 4 . This figure implies that the effect of the magnetic field in the sintering is detectable, but little. On the other hand, when the green samples were prepared by using the slip casting under magnetic field, the relative facial angle increased by the sintering without the magnetic field, and further highly increased by the sintering with the magnetic field. This result is explained as follows; as the slip casting with the magnetic field introduces some amount of the crystalline alignment in the green sample, which could preferentially agglomerate in the sintering process, because the interface energy of the aligned crystals contacting with same crystalline plane each other is lower than that of non-aligned crystals. Thus, the aligned crystals agglomerate more quickly than the nonaligned ones. Furthermore, Ostwald-Ripening mechanism works to enlarge the agglomerated crystals with a larger diameter rather than the non-aligned crystals with a smaller diameter. That is, the double effects of the agglomeration and ripening mechanisms accelerate the crystalline alignment in the sample that was treated by the imposition of a magnetic field in the slip casting and sintering processes. This mechanism can be explained in the theoretical prediction introduced by Yasuda et al. 22) 
Conclusion
Crystalline alignment using a high magnetic field is one of useful methods to improve properties of materials. The principle and applicable particle size are described. This method for crystalline alignment is not only limited to ceramics and metals as introduced here, but also a useful tool for all feeble magnetic materials such as organic. 
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